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 The spatial variations of Quaternary sediments on the continental shelf record the 
progression of depositional environments during the latest sea-level rise, and are 
fundamental controls on submarine groundwater discharge (SGD) flow. SGD on 
continental shelves is an important but poorly constrained process. Spatial variations of 
lithologies on continental shelves, such as sand-filled paleochannels, are assumed to play 
a fundamental role in controlling where SGD occurs but coincident seismic mapping and 
sedimentological data are rare. Here we combine seismic mapping of paleochannel 
locations with sediment cores to examine the sedimentary characteristics of paleochannel 
fill and interfluvial deposits. To establish paleochannel locations and abundance and the 
nature of sedimentary deposits in these features, we collected high-frequency seismic 
reflection (CHIRP) surveys along with 13 vibracores in a 150 km2 area north of 
Charleston, South Carolina. Based on the core data, we defined eight lithofacies 
correlated to specific depositional environments based on grain size, sorting, rounding, 
sedimentary structures, and stacking patterns. Our results indicate that paleochannels 
were inundated by rising sea level and became a series of tidal creeks and estuarine 
channels. Paleochannels smaller than 400 meters wide were filled with structureless 
marsh mud, while paleochannels larger than 400 meters wide contain a thick layer of 
structureless mud interbedded with silt overlain by well-sorted quartzose sand. The 
greater accommodation associated with the larger channels likely played a role in 
preserving the sandy sediments. Due to more than 1.3 meters of low permeability mud at 
v 
the base of paleochannels, paleochannels in this area are almost certainly not preferential 
paths for SGD. A widespread layer of interfluvial mud was identified in 50% of the 
CHIRP track lines. This mud layer was likely deposited in a mudflat or similar back-
barrier environment and is likely a leaky confining layer with respect to SGD. Neither the 
paleochannels nor the mud layer were found more than 11 km off the present shore, 
indicating the paleoshoreline was approximately this far offshore during incision of these 
paleochannels. Mud and silt, followed finally by sand, filled the channels and interfluvial 
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Paleochannels on the continental shelf have been noted as a preferential pathway 
for subseafloor fluid flow (Baldwin et al., 2006; Boss et al., 2002; Cattaneo and Steel, 
2003; Evans et al., 2000; Foyle and Oertel, 1997; Milliman et al., 1972; Moslow and 
Heron, 1978; Mulligan et al., 2007; Parham et al., 2007; Zecchin et al., 2008). Submarine 
groundwater discharge (SGD) is the flow of fresh and saline groundwater from the 
seabed into the coastal ocean, and recent studies suggest that it may contribute as much 
water to the coastal ocean as river discharge  (Moore, 2010, 1996).  However, its spatial 
and temporal variability remain poorly constrained.  Also, Quaternary sediments trapped 
in paleochannels provide an excellent record of the depositional environments resulting 
from sea level rise since the last glacial maximum (Duncan et al., 2000; Eames, 1983; 
Field and Duane, 1976; Gao and Collins, 2014; Harris et al., 2013; Idris and Henry, 
1995). Despite their obvious importance, very few studies have sampled paleochannel 
and interfluvial sediments, and it is generally assumed that the paleochannel fill is 
composed of relatively coarse-grained sediment with high-porosity and permeability 
(Baldwin et al., 2006, 2004; Evans et al., 2000; Foyle and Oertel, 1997; Mulligan et al., 
2007; Pilkey et al., 1981; Swift, 1975; Viso et al., 2010). This study examines sediment 
deposits in this area using an integrated geophysical and sedimentological approach in 
order to reconstruct the depositional history and examine the effect of stratigraphic 
2 
variation produced by paleochannels on SGD. To investigate depositional environments 
of the coast as sea level rose and the nature of paleochannels as possible pathways for 
SGD, we examine the grain size, porosity, and permeability of paleochannel fill deposits 
and compare them to interfluvial sediments. 
1.1 PREVIOUS STUDIES OF SUBMARINE GROUNDWATER DISCHARGE AND 
PALEOCHANNELS 
SGD has previously been studied directly with piezometers and seepage meters and 
indirectly with geochemical tracers and numerical models (Evans et al., 2000; Kohout et 
al., 1988; Michael et al., 2005; Moore, 2010; Mulligan et al., 2007; Viso et al., 2010; 
Wilson et al., 2015). Groundwater flow patterns are directly affected by the thickness and 
permeability of the sediments through which the water travels. Until recently, it has been 
difficult to determine the effect of geological characteristics on SGD on the scale of tens 
of meters due to a lack of high-resolution geophysical data (e.g. Boss et al., 2002; 
Michael et al., 2005; Moore, 1996; Viso et al., 2010). Because Quaternary stratigraphy 
varies spatially on a small (10-100 m) scale, knowledge of the stratigraphy at this scale is 
necessary to understand the impact of lithologic changes on SGD and thereby model 
spatial variation of SGD.  
Hydraulic gradients, density gradients, sediment thickness and permeability, and 
currents and waves all affect SGD (Moore, 2010; Wilson et al., 2015). Numerical 
modeling can isolate these factors to determine their relative effect on SGD.  Mulligan et 
al. (2007) used a numerical model to examine the effect of a large, symmetrical, high-
porosity and permeability paleochannel that breaches a confining layer on SGD. Seismic 
data was used to estimate the size and shape of the paleochannel, but the reflectors in the 
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channel fill were characterized by large vertical anisotropy that was not accounted for in 
the flow model. The numerical modeling results indicated the paleochannel clearly acted 
as a preferred pathway for flow of groundwater, and the saltwater-freshwater interface 
moved slightly landward near a paleochannel (Mulligan et al., 2007). However, these 
results were local, depending on the permeability of the channel fill and whether the 
paleochannel breached a confining layer. 
In New Jersey, Evans et al. (2000) used electrical resistivity (EM) as a proxy for 
zones of fresher pore water. In seismic data, Evans et al. (2000) identified paleochannels, 
noting that the electromagnetic (EM) signal increased only where the paleochannels 
incised a specific reflector that is referred to as the R reflector. This reflector is the 
unconformity between unconsolidated Quaternary sediments and underlying Cenozoic 
semi-consolidated sediments (Davies and Austin, 1997; Evans et al., 2000; McClennen, 
1973; Milliman et al., 1972). Evans et al. (2000) suggested that paleochannels that incise 
R are areas of higher SGD due to fresh water presence, but they noted that more fresh 
water does not always indicate flow paths.  
In a similar study in Long Bay, SC, Viso et al. (2010) recorded highly variable 
and discontinuous electrical resistivity along shore parallel lines across the shelf with a 
trend of higher resistivity closer to shore. Like Evans et al. (2000), Viso et al. (2010) 
found changes where paleochannels cut R, suggesting that there are highly irregular fresh 
water “hotspots” within 100 m of shore that typically, but not always, correlate with 
paleochannel incisions.  
4 
1.2 STUDY SITE 
The study site is a 150 km
2
 area approximately 2-17 km offshore of the Isle of 
Palms, which is a barrier island north of Charleston Harbor, South Carolina (Figure 1.1). 
This area is ideal because it is easily accessible and has not been shaped by glacial 
processes.  Additionally, underlying pre-Quaternary stratigraphy, larger geologic 
structures, bedforms, SGD through radium tracing, and electrical resistivity of 
Quaternary sediments have been characterized in this location and directly adjacent 
(Eames, 1983; Harris et al., 2013, 2005; Idris and Henry, 1995; Moore, 2010, 1996; 
Mulligan et al., 2007; Parham et al., 2013, 2007; Riggs and O’Conner, 1974). 
The study site is located on the South Atlantic Bight (SAB), which is 
characterized by a wide, shallow continental shelf located offshore of the North 
American trailing margin. Studies to establish the pre-Quaternary stratigraphy of the 
Charleston area and the adjacent shelf are fairly extensive (Colquhoun, 1995; Weems and 
Lewis, 2002), but the efforts to characterize the Quaternary sedimentary deposits in this 
area have been more limited (Harris et al., 2005).  
Quaternary stratigraphy is complex and highly variable on the SAB (Colquhoun, 1995; 
Parham et al., 2013; Swift, 1975; Viso et al., 2010). At the last glacial maximum (ca. 22 
kya) sea level fell below the continental shelf. At this time or at another pause in sea level 
rise, paleochannels were incised into an offshore-thinning Quaternary sediment wedge 
that is underlain by Cretaceous/Cenozoic aged deposits composed primarily of limestone 
(Baldwin et al., 2006; Parham et al., 2007). Then, sea level rose slowly until 16 kya, 
followed by relatively rapid rise until ~12.8 kya. This rise in sea-level drowned the 
previously exposed shelf and deposited transgressive sediments (Duncan et al., 2000;   
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Figure 1.1: Study site off Isle of Palms. The black lines are CHIRP surveys taken by the 
University of South Carolina. The blue lines are surveys published in Luciano and Harris 
(2013). The red dots are where cores were collected and are labeled with the length of the 




Harris et al., 2013). The maximum thicknesses of nearshore paleochannel fill is 10-15 
meters and preserves much of the Plio-Pleistocene stratigraphy (Baldwin et al., 2004).  
Net longshore transport on the SAB moves sediment from north to south, but 
there are local areas of sediment transport reversal caused by tidal inlets and refraction of 
waves around ebb-tidal deltas (Gayes et al., 2003; Harris et al., 2005; Hayes, 1994; Hein 
et al., 2012; Luciano, 2010). Typical drumstick barriers form on the SAB because of the 
mixed tidal and wave energy environment caused by the arcuate shape of the shoreline, 
which extends tidal range, amplifies wave energy, and protects the shoreline from larger 
currents (Hayes, 1994, 1979; Moslow and Heron, 1978). Large tidal inlets, backed by 
mudflat and tidal creek environments, migrate over time producing two scales of 
paleochannels in the Quaternary stratigraphy in the same location (Baldwin et al., 2006; 
Moslow and Heron, 1978; Price, 1964).  
The larger set of paleochannels was recorded by boomer surveys (3.5-5 KHz) and 
are on the scale of 1-3 km wide with maximum depths of 50 m below the seafloor 
(Baldwin et al., 2004; Boss et al., 2002; Duncan et al., 2000; Mallinson et al., 2010; 
Parham et al., 2013, 2007; Riggs and O’Conner, 1974; Thieler et al., 2014). Most studies 
of these larger paleochannels lack sediment samples due to the water depth, necessary 
core length, and lack of accurate locations associated with boomer surveys, but a few 
studies have cores that are not associated with seismic data (Baldwin et al., 2006; Boss et 
al., 2002; Mallinson et al., 2010; Parham et al., 2013; Riggs and O’Conner, 1974). These 
studies found that these larger channels contain sand or sandy shell hash deposited in 
barrier island and open shelf environments.  
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Smaller paleochannels (<1 km wide) are incised in estuarine environments by 
tidal creeks formed landward of barrier islands in low energy environments. These 
smaller channels are not detected on boomer seismic surveys and could not be located 
accurately enough to be cored until recently, but Thieler et al. (2014) and Parham et al. 
(2007) have recently identified these smaller channels and found laminated mud and silt 
in their fill. Thieler et al. (2014) found more than two meters of estuarine mud in 
nearshore channels off of Cape Hatteras, NC and confirmed that channels further 
offshore become sandier as they increased in width and depth. The change in channel fill 
from sand-dominated large paleochannels to mud-dominated smaller paleochannels 
suggests that it likely varies with paleochannel size, and that the continental shelf 
contained similar features to the current coast during the Quaternary (Duncan et al., 2000; 





2.1 CHIRP SEISMIC DATA 
High-frequency seismic reflection data was collected over approximately 150 km
2
 
(2.5 x 2.5 km grid) using an Edgetech 512i CHIRP sub-bottom profiling system (Figure 
1). A frequency range of 0.5-12 KHz was used at a towing speed of 4 knots at a constant 
towfish depth of ~1m. In addition, we used previously acquired Edgetech 216s CHIRP 
sub-bottom profiler data with a frequency range of 2-16 KHz (Luciano et al, 2013). We 
estimate that our CHIRP data has a location uncertainty of conservatively 10 m due to D-
GPS navigation precision on the boat and an unnavigated towfish track. CHIRP data has 
a vertical resolution of about 10 cm, which means it may not resolve layers less than 20 
cm thick.  
Sioseis software (Henkart, 1981) was used to filter out the swell by first picking 
the seafloor for each trace, and to flatten the seafloor by averaging the seafloor picks over 
the input estimated oscillation wavelength ranging from 40-80 traces, which introduced 
uncertainty of about 1 m. Seismic travel time was converted to depth using the average 
acoustic velocity of 1500 m/s for sound in water (Baldwin et al., 2004; Boss et al., 2002; 
Davies and Austin, 1997; Harris et al., 2005; Novak, 2002). Using the acoustic velocity 
of sound in water introduced uncertainty of depth, which increases with depth from the 
seafloor to uncertainty on the order of a meter at the bottom of the stratigraphic section. 
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Tidal variation was not corrected leading to an average vertical uncertainty between track 
lines of 0.4 m and range from 0-1.6 m based on comparing seafloor depth at crossing 
lines in the profiles. 
Four reflectors were picked in the seismic data and tied to surfaces bounding 
distinct facies identified in sediment cores: the seafloor, the bottom of a surficial sand 
sheet, the bottom of a mud layer, and the change from unconsolidated sediment to semi-
consolidated carbonate-mud material. These reflectors were then carried throughout the 
study area. There was an uncertainty in picked horizons due to a maximum distance 
between the top and bottom of a peak was about 0.3 m.  
Paleochannels in the seismic survey were defined as concave up reflectors (on the 
basement horizon) with minimum dimensions of 200 m horizontally and 0.5 m vertically. 
Features smaller than these are not reliable reflectors due to uncertainty in the CHIRP 
data. The meandering of channels across the continental shelf results in oblique 
intersections of paleochannels by CHIRP profiles. The greater oblique angle yields a 
higher apparent dip, so the width measured on the CHIRP data is a maximum estimate of 
channel width. Types of paleochannels were defined using width rather than depth 
because there were four channels whose depths could not be measured due to attenuation 
of the CHIRP signal. 
2.2 SEDIMENT CORES 
Thirteen vibracores collected at intersections of seismic lines from the study area 
were used to analyze the sedimentary deposits on the continental shelf. The recovered 
cores varied in length from 6.5 meters to 0.5 meters and decreased in length offshore 
10 
(Figure 1). Each core was analyzed every 10 cm for grain size, color, shell content and 
type, sorting, and rounding following the methods in Pilkey et al. (1981). Wells were 
installed in 11 of these core sites, excluding the cores on the most distal shore parallel 
line because the unconsolidated sediments were too shallow to insert a well.
Porosity values of each main lithofacies were calculated using a water displacement 
method similar to Fraser (1935). About 300 g of 1 or 2 typical examples of each 
lithofacies found in the visual lithofacies analysis was collected from cores 1, 2, 5, and 7. 
The samples were air dried for at least 24 hours and then weighed. The bulk volume of 
the sample was calculated from the diameter of the half core and the length of the sample. 
A mortar and pestle were used to unstick grains from one another when necessary. The 
sample was then placed into a 300 cm
3
 beaker, and 300 cm
3
 of water was measured out 
and poured slowly into the sediment until the sediment was just covered. The sediment 
was then stirred carefully to remove air from the pores. Water was poured in until the 
beaker was filled to the 300 cm
3
 mark, and the amount of water left from the original 300 
cm
3
 was recorded as the grain volume. The porosity was then calculated according to  
  
     
  
          (1) 
where θ is porosity, Vb is the bulk volume of the sediments, and Vg is the volume of the 
grains. Porosity of well-sorted sand had a large variance due to one sample of quartz sand 
and one sample containing a higher fraction of sand sized shell pieces. 
Permeability for each facies was determined using a falling head test through a 
permeameter. One sample (~800 g) of each type of lithofacies chosen from the visual 
lithofacies analysis was collected from cores 1, 2, 5, and 7 and poured into a 
11 
permeameter. The permeameter was filled with water under vacuum and allowed to settle 
for approximately 15 minutes before water was run through the sample by pouring water 
in the top standpipe and opening both the top and bottom valves.  Once a consistent flow 
rate was established, the time for a specified volume of water to flow through the sample 
was recorded. The test was repeated ten times for each sample except mud and silty mud, 
which were repeated three times. Hydraulic conductivity was calculated according to 
  
   
    
      
  
  
          (2) 
where K is hydraulic conductivity, L is the height of the sample, A is the cross-sectional 
area of the sample, a is the cross-sectional area of the standpipe, hu is the head at the top 
of the standpipe, hl is the head at the bottom of the standpipe, and Δt is the time for the 
water level to change from hu to hl. Hydraulic conductivity was then used to calculate 
permeability according to 
  
   
    
          (3) 
where k is permeability, µ is the viscosity of fresh water at 20°C,    is the density of 
fresh water at 20°C, and g is the acceleration due to gravity. The variation of the ten 
iterations for each sample was calculated and was less than 10% for every sample. The 
variance of the lime mud was particularly low. This could be because this sample was 




3.1 CORE ANALYSIS AND CHIRP SEISMIC INTERPRETATION 
Based on observed grain sizes and percentage of shell in the sediment, we divided the 
sedimentary deposits into 8 distinct facies: massive brown mud with thin layers of silt; 
muddy oyster-dominated shell hash; sandy bivalve-dominated shell hash; muddy bivalve-
dominated shell hash; coarse-grained sand that fines-upward to silty sand; well-sorted 
quartz sand; bioturbated sand to silty sand; and semi-consolidated lime mud to sandy-
mud (Figure 3.1). Four horizons were identified that correspond to consistent lithofacies 
changes in the cores. These four horizons in the CHIRP surveys were correlated to the 
seafloor, the bottom of a surficial sand sheet, the bottom of a mud layer, and a change 
from unconsolidated sediment to semi-consolidated carbonate-mud material (Figure 3.2).  
The seafloor is an easily identified strong and continuous reflector across the entire area, 
while the top of the surficial sand sheet reflector was not always strong or clear due to 
attenuation or changes in reflective properties. A surficial sand sheet is continuous 
throughout survey area and consists of silty sand, well-sorted quartz sand, and sandy shell 
hash that has been bioturbated and reworked. The muddy interval consists of a 
structureless brown mud, which may be interbedded with thin layer of silt and muddy, 
13 
 
Figure 3.1: Eight lithofacies from the vibracores are about 12 cm x 12 cm. A) Oyster 
dominated, muddy shell hash B) Massive, brown mud interbedded with thin layers of silt 
C) Sandy shell hash D) Well-sorted, quartz sand E) Bivalve dominated, muddy shell hash 
F) Shell hash to silty sand that fines upward G) Bioturbated and burrowed shell hash to 




Figure 3.2: Typical stratigraphy of the top 9 meters of sediment on the continental shelf. 
Four reflectors define the top four layers of stratigraphy found in this study. H1 is the 
seafloor reflector, H2 is the bottom of the surficial sand layer (top of the mud layer), H3 
is the bottom of a mud layer (top of sand to silty-sand layer), R is the bottom of the 
unconsolidated quaternary stratigraphy (top of the carbonate mud layer). Under R is a 




oyster-dominated shell hash. This muddy interval was identified by a distinctive dappled 
or speckled pattern where mud was found in the cores and covers about 50% of the 
survey track lines (Figure 3.2 and 3.3). This pattern and the corresponding reflector was 
followed through the seismic data resulting in a mud thickness map (Figure 3.4). The rest 
of the unconsolidated sediment is mostly sandy shell hash that fines upward into silty 
sand, but also includes bivalve-dominated muddy shell hash and well-sorted quartz sand. 
The prominent reflector (R) between unconsolidated material and semi-consolidated 
carbonate mud was continuous except where it was lost due to signal attenuation or cut 
by a paleochannel. This reflector nearly always became fainter or invisible below the 
mud layer.  
3.2 PALEOCHANNELS 
28 paleochannel crossings, concave up reflectors (on the basement horizon) with 
minimum dimensions of 200 m horizontally and 0.5 m vertically, were identified in the 
CHIRP data (Figure 3.2 and 3.3). Paleochannels were visible on the shore-parallel 
CHIRP line 10.5 km offshore but were not present in seismic surveys 13 km offshore 
(Figure 3.4). Two classes of paleochannels were identified in the twenty-eight 
paleochannels based on width and presence of internal reflectors (Figure 3.5). Width was 
used for this definition because, due to attenuation, the depth of the four largest channels 
could not be measured from the CHIRP data. Larger paleochannels are more than 400 m 
wide, typically deeper than 4 meters, and contain a >1.3 m layer of thick, massive, 
brown, organic-rich mud interbedded with silt overlain by a layer of sand or silty sand. 
Larger paleochannels often displayed complex internal structures defined by layered 




Figure 3.3: Examples of mud layer pattern in 512i CHIRP data. A) The bottom of core 2 
is an example of the dappled pattern associated with mud. B) The top of core 10 is a layer 
of silt and mud that shows a darker example of the dappled pattern associated with mud. 
C) Core 3 has a layer of sand that corresponds to a relatively clear layer in the CHIRP 
data. D) Core 7 has a layer of sand and a layer of shell hash, both of which have 
consistently lighter, less concentrated spots with less continuous reflectors than the mud 




Figure 3.4: Locations on the surveys where the mud layer is missing are marked in grey. 
The black boxes are paleochannels and the black dots are the thalwegs of the 




Figure 3.5: Example of paleochannel identified by a concave up base reflector. Some 
paleochannels have interior reflectors but smaller ones typically have none. Colors of the 
lines correspond to picked seismic reflectors as described in Figure 3.2. 
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interpreted as accretionary surfaces (Figure 3.6A, B). In contrast, smaller paleochannels 
are less than 400 m wide, usually less than 7 m deep, and lack internal reflectors.  Smaller 
paleochannels are characterized by dappled or speckled pattern in CHIRP profiles that we 
find is associated with mud, suggesting that they are filled with massive, brown, organic 
rich mud (Figure 3.6C, D). Smaller paleochannels generally contained a thicker mud 
layer than larger paleochannels (Figure 3.7C). Width was not correlated well with depth 
due to the oblique cutting of channels by CHIRP track lines (Figure 3.7D). Paleochannels 
ranged in depth from 2.8 meters to deeper than the CHIRP surveys penetrated, and they 
ranged in width from 160-1100 m (Figure 3.7A, B). 
3.3 HYDROLOGIC PROPERTIES OF SEDIMENT CORES 
Porosity and permeability were measured for each typical lithofacies type, and 
one core from each paleochannel type and three from interfluvial sediments were 
classified for overall porosity and permeability and how porosity and permeability 
changed with depth (Figure 3.8). Predictably, the permeability of mud and silty mud was 
lower than the rest of the facies. The porosity of these unconsolidated muds was also 
higher than the other lithofacies.  The rest of the lithofacies have remarkably similar 
permeabilities and porosities of roughly 2x10
-11
 and 0.45, respectively (Table 1). 
The facies stacking patterns between the two settings are different. Interfluvial 
deposits contain thinner layers of sediment and are more variable than paleochannel fill 
(Figure 3.8). Interfluvial deposits are typically composed of larger grain sizes, suggesting 
a higher energy environment during deposition. Many interfluvial deposits also record a  
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Table 3.1: Porosity and permeability of each lithofacies. 
 




Sandy Shell 37 4.18E-11 
Well-Sorted Sand 45 1.59E-11 
Silty Sand 48 1.95E-11 
Muddy Shell 47 2.12E-11 
Silty Mud 68 1.20E-13 
Mud 67 1.06E-13 





Figure 3.6: Examples of two types of paleochannels identified in this study. A and B) 
Wider, deeper paleochannels have interior reflectors, a thick layer of mud interbedded 
with silt, and a layer of sand at the top. Core 1 shows >1.3 m of interbedded mud and silt 
interpreted as estuarine or marsh deposits. The sand and sandy silt in the top layer is 
interpreted as barrier island deposits. C and D) Smaller paleochannels are completely 
filled with mud and have few interior reflectors. These four paleochannels are located by 






Figure 3.7: Paleochannel width, depth, and mud thickness. A) Width of 
paleochannels by type. The red and green bars meet is the mean. The ends of 
the rectangles are the first and third quartile. The bars on the ends mark the 
minimum and maximum. Larger paleochannels are greater than 400 m wide, 
and smaller paleochannels are less than 400 m wide. The data point outside of 
the large paleochannels’ range is the result of one paleochannel that extends 
off the end of a CHIRP survey. B) Depth of paleochannels by type. The four 
deepest paleochannels are not inside the box and whisker diagram, but are 
represented by data points higher than the maximum know value. C) Mud 
thickness in paleochannels by type. Large paleochannels largely have a 
thinner layer of mud than small paleochannels. D) The percentage of mud in 
paleochannel fill against the width of the paleochannel. Generally the smaller 
type of paleochannel has a greater percentage of mud. E) Width does not 
correlate well to depth (R
2
=0.33) due to meandering of the channels, which 
causes oblique cutting by the CHIRP track lines. Purple points are the three 
paleochannels whose depths are greater than attenuation and the one that 





Figure 3.8: Lithofacies, porosity and permeability logs. Core 1 and 5 are from inside 
paleochannels and record generally thicker layers of sediment and a larger concentration 
of mud than the interfluvial sediments recorded in cores 2, 3, 4, and 10. Facies logs use 




mud layer at the top of the unconsolidated sediment column and below the surficial sand 
sheet.  The mud layer is widespread across the continental shelf and covers about 50% of 
the track lines.  Interfluves contain a lower percentage of mud than the paleochannel 
sediments. Paleochannel fill generally has a higher porosity and lower permeability than 










We find thick mud deposits dominate small paleochannels, and only 
paleochannels that are wider than 400 m contain sand or silty sand overlying the mud 
(Figure 3.6). Paleochannels in our study area typically consist of  >1.3 m of a 
structureless brown mud interbedded with thin silt layers in the bottom of the channel. 
The absence of coarse-grained sediment in the smaller channels suggests sand-sized 
material bypassed this portion of the channels and was deposited in a more distal location 
during sea level lows.  
The type of sediment filling these features has important implications for 
understanding SGD. The assumption that paleochannel fill is high permeability is not 
consistent with our data. The dark brown mud that occupies the paleochannels has a high 
porosity, but very low permeability. Since the sand is surrounded in the subsurface by 
low permeability mud it is not likely to be a pathway of fluid flow from the subsurface to 
the ocean. 
Viso et al. (2010) and Evans et al. (2000) found higher electrical conductivity 
associated on the flanks of paleochannels suggesting the presence of fresher porewater in 
the channels. This could be explained by a mud layer, which has a high porosity but low 
permeability. Paleochannels that contain abundant mud would not be a preferential 
pathway of SGD as previously suggested and, in fact, probably act as part of a confining 
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layer along with the mud layer in interfluvial sediments. Mud-lined larger paleochannels 
illustrate that the assumption of uniform high-permeablity fill in all paleochannels 
requires additional testing.  
The offshore extent of paleochannel incision and mud deposits can be used to 
estimate a minimum distance from shore of the paleoshoreline during incision and 
deposition. Paleochannels in the study area extend across the continental shelf from 2 km 
to 10.5 km offshore, but are absent on the shore parallel survey line at 13 km offshore. 
Their absence in distal locations indicates incision was minimal beyond 10.5 km 
offshore, suggesting that the fluvial systems approached base level near these locations. 
The mud layer in interfluvial sediments is likely the result of back-barrier estuarine or 
marsh mudflats between channels because it is slightly siltier than the tidal channel muds 
found in the paleochannels. This suggests that the interfluvial mud layer records areas 
just above sea level that stepped toward land as sea level rose. The mud layer, like 
paleochannels, does not appear further offshore than 11 km, which could be attributed to 
erosion, reworking, or lack of deposition (Figure 3.4). If the mud layer was never 
deposited, it is likely that during the time of mud deposition landward, the paleoshoreline 
was slightly beyond 11 km offshore.  
The disappearance of channels and the mud layer suggests that the paleoshoreline 
was between 10.5 and 13 km from the current shoreline during the time of paleochannel 
incision and mud deposition at approximately 12 m below current mean sea level. 
According to sea level curves presented in Eames (1983) and Harris et al. (2013), this 
paleoshoreline would have occurred 8-10 kya. This inference is supported by the 
decreasing thickness of back-barrier mud deposits in the offshore areas. An alternative 
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possibility is that all paleochannels and back-barrier mud deposits in these offshore 
locations were completely eroded during transgression. These end-member possibilities 
can be resolved with additional CHIRP and vibracore data that focus on the offshore 
section of the study area. 
We suggest the following sequence for the development of the two observed 
paleochannel types. Deposition within smaller paleochannels occurred as sea level rose 
and the channels almost completely filled by mud. The dark brown mud that occupies the 
paleochannels contains very little recognizable organic material suggesting that it was 
deposited in an anoxic, low energy environment. Similar back-barrier estuarine or marsh 
settings are present across the east coast today where estuarine and tidal-dominated 
channels are filling with mud-size sediment (Nichols and Biggs, 1985; Nichols et al., 
1991; Price, 1964; Thieler et al., 2001). In the larger paleochannels, a similar layer of 
mud was deposited, and well-sorted quartzose sand fills the rest of the channel. The 
relatively minor sand deposits in the larger channels are likely preserved remnants of 
beach or barrier island systems that were deposited as the shoreline migrated landward. 
However, even with these sand beds, muds and silts dominate the overall fill of the larger 
channels.  
A confining layer in the Quaternary stratigraphy has not previously been defined, 
but the interfluvial mud has a low permeability and likely acts as a leaky confining unit 
for subsurface fluid flow redirecting SGD through areas of higher permeability. This 
leaky confining unit made up of the paleochannels and mud layer may increase SGD at 
the edges of the mud layer and the flanks of paleochannels where they are not connected 
to the mud layer. SGD is most likely to escape in locations that are directly adjacent to 
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the confining layer and are close to the present shoreline, which makes defining the areas 
covered by the mud layer important to understanding SGD flow patterns. Concentrations 
of SGD likely contribute to areas of higher nutrient input from groundwater, accelerating 
and accentuating areas of hypoxia on the shelf (Viso et al., 2010). The further offshore 
SGD flux is significant, the less this leaky confining layer near shore will affect the 
pattern of flow. Viso et al. (2010) suggests that SGD drops significantly in areas more 
than 100 m offshore, while Moore (1996, 2010) records SGD up to 20 km offshore, and 
Michael et al. (2005) suggests SGD occurs up to 30 km offshore. The mud layer presence 
as a leaky confining layer makes tracing and quantifying SGD more challenging because 
it requires more measurements to represent different types of areas and mapping of the 
extent of the confining layer to calculate average discharge across the shelf.  
Two sets of paleochannels on different scales have been identified in other 
locations on the SAB, but this study only characterizes the smaller paleochannel fill. A 
boomer survey on the same track lines as the CHIRP surveys would allow for 
examination of paleochannels at the two different scales in the same area. Boomer 
surveys allow for deeper penetration to record the depths of the four deepest 
paleochannels from this study and the second set of paleochannels that are much wider 
(1-3 km) and deeper (30-50 m) for comparison. Longer cores that penetrate those larger 
paleochannels identified from the boomer survey would likely show the sand and gravel 
fill reported on other sections of the coast. Studying two scales of paleochannels in the 
same study site may provide insight into depositional environments during the filling of 




After their incision, paleochannels became tidal creeks and channels in estuaries 
and salt marshes as sea level rose leading to the deposition of more than 1.3 meters of 
mud and silt in the channels. Only larger channels contain a layer of sand or silty sand 
over the mud, likely as a result of having more volume to fill. The sand or silty sand at 
the top of the paleochannels fill suggests deposition in a higher energy environment like a 
barrier island, beach, or the continental shelf.  
Due to the thickness and low permeability of mud in the bottom of the paleochannels, 
it is unlikely that paleochannels are preferential paths of SGD. They are likely part of a 
leaky confining layer formed of paleochannels and the mud layer in interfluvial 
sediments that covers 50 % of the surveyed area. The mud layer is likely the result of the 
retreat of mud flats associated with salt marshes as sea level rose, as it is widespread over 
the continental shelf. Paleochannel fill is different than interfluvial sediments, and 
interfluvial sediments have a greater potential for SGD than paleochannel fill, but the 
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0 0 7 SiSa Gr-Br 0.05-2 53.54 1.95E-11 P A M Shell Whole and pieces of shells 
-0.1 10 7 SaSH Gr-Br 0.03-4 45.48 4.18E-11 VP A H Shell Iron staining 
-0.2 20 6 MSH Gr 
0.005-
0.5 
47.43 2.12E-11 VP A H Shell 
 
-0.3 30 1 MSi Gr 0.005-5 71.89 1.20E-13 M SA L Shell Layer of shell at 34 cm 
-0.4 40 6 MSH Gr 0.005-5 47.43 2.12E-11 P A M Shell 
 






-0.6 60 3 SiSa Gr-Bl 0.05-2 53.54 1.95E-11 M SA L Shell 
 
-0.7 70 3 SiSa Gr 0.05-2 53.54 1.95E-11 M SA L Shell 
Mud and shell bioturbation 
at 75-85 cm 
-0.8 80 3 SiSa Gr-Bl-W 0.05-3 53.54 1.95E-11 P SA M Shell Stripe of shell 86-89 cm 
-0.9 90 3 SiSa Gr 
0.01-
0.5 
53.54 1.95E-11 M SA L Shell 
Occasional small pieces of 
shell 
-1 100 3 SiSa Gr 
0.01-
0.5 
53.54 1.95E-11 M SA L Shell 
 
-1.1 110 3 SiSa Gr 
0.01-
0.5 
53.54 1.95E-11 W SA L Shell 
 
-1.2 120 3 SiSa Gr 0.01-2 53.54 1.95E-11 W SA L Shell Mud stripes 
-1.3 130 3 SiSa Gr 
0.01-
0.5 
53.54 1.95E-11 W SA L Shell 
 
-1.4 140 3 SiSa Gr 0.01-2 53.54 1.95E-11 W SA L Shell 
 
-1.5 150 3 SiSa Gr 
0.01-
0.5 
53.54 1.95E-11 W SA L Shell 
 












-1.75 175 5 Sa Gr 0.125-2 54.44 1.59E-11 W SR L 
Sand sized 
shell 
Mud stripe at 181 cm 
-1.85 185 5 Sa Gr-Bl-W 0.125-4 54.44 1.59E-11 P SA L <5mm shell 
 
-1.95 195 5 Sa Gr 0.125-1 54.44 1.59E-11 W SR L 
Sand sized 
shell 
Big shell at 202 cm (2X3 
cm) 
-2.05 205 5 Sa Gr 0.125-1 54.44 1.59E-11 W SR L 
Sand sized 
shell 
Thin shell layer at 212 cm 
(0.5-4 mm shells) 




-2.25 225 5 Sa Gr 0.125-2 54.44 1.59E-11 W SR L <2mm shell 
Two mud layers at 234-237 
cm 




-2.45 245 5 Sa Gr 0.125-1 54.44 1.59E-11 W SR L 
Sand sized 
shell 
Mud layer at 248 cm 
-2.55 255 5 Sa Gr-T-W-Bl 0.25-2 54.44 1.59E-11 P SA L <2mm shell 
258 cm Contact-coarse 





-2.65 265 5 Sa Gr 0.125-2 54.44 1.59E-11 W SR L 
Occasional 
<2mm shell 
Mud layer at 269 cm 
-2.75 275 5 Sa Gr-Bl-W 0.25-2 54.44 1.59E-11 W SA L 
Sand sized 
shell 
Mud layers at 77 cm, 83 
cm, 88 cm, and 92 cm 




-2.95 295 3 SiSa Gr-Br 0.1-0.8 53.54 1.95E-11 W SR L 
Sand sized 
shell 
Mud layer at 96-99 cm 
-3.05 305 1 SiM Br 
0.008-
0.1 




-3.08 308 1 SiM Br-Gr 
0.004-
0.015 
71.89 1.20E-13 VW R VL 
 
Beds of silt 1-6 mm thick 
-3.18 318 0.50 MSi Br-Gr 
0.004-
0.015 
71.89 1.20E-13 VW R VL 
  
-3.28 328 0.50 M Br 0.004 67.00 1.06E-13 VW WR VL 
  
-3.38 338 1 SiM Br 
0.004-
0.008 
71.89 1.20E-13 VW WR VL 
  
-3.48 348 0.50 M Br 0.008 67.00 1.06E-13 VW WR VL 
  






-3.68 368 1 SiM Br 
0.004-
0.008 
71.89 1.20E-13 VW WR VL 
  
-3.78 378 0.50 M Br 0.008 67.00 1.06E-13 VW WR VL 
  
-3.88 388 1 SiM Br 
0.004-
0.008 
71.89 1.20E-13 VW WR VL 
  
-3.98 398 0.50 M Br 0.008 67.00 1.06E-13 VW WR VL 
  
-4.08 408 0.50 M Br 0.008 67.00 1.06E-13 VW WR VL 
  
-4.18 418 0.50 M Br 0.008 67.00 1.06E-13 VW WR VL 
  
-4.28 428 0.50 M Br 0.008 67.00 1.06E-13 VW WR VL 
  
-4.38 438 0.50 M Br 0.008 67.00 1.06E-13 VW WR VL 
  
-4.48 448 0.50 M Br 0.008 67.00 1.06E-13 VW WR VL 
  
-4.58 458 0.50 M Br 0.008 67.00 1.06E-13 VW WR VL 
  
-4.6 460 1 SiM Br 
0.004-
0.06 
71.89 1.20E-13 VW R VL 
 
Layers of coarse silt 






-4.8 480 0.50 M Br 0.004 67.00 1.06E-13 VW R VL 
  
-4.9 490 0.50 M Br 0.004 67.00 1.06E-13 VW R VL 
  
-5 500 1 SiM Br 
0.004-
0.06 
71.89 1.20E-13 VW SR VL 
  
-5.1 510 0.50 M Br 0.004 67.00 1.06E-13 VW R VL 
  
-5.2 520 1 SiM Br 
0.004-
0.06 
71.89 1.20E-13 W SR VL 
  
-5.3 530 0.50 M Br 0.004 67.00 1.06E-13 VW R VL 
  
-5.4 540 1 SiM Br 
0.004-
0.06 
71.89 1.20E-13 W SR VL 
  
-5.5 550 0.50 M Br 0.004 67.00 1.06E-13 VW R VL 
  
-5.6 560 0.50 M Br 0.004 67.00 1.06E-13 VW R VL 
  
-5.7 570 0.50 M Br 0.004 67.00 1.06E-13 VW R VL 
  
-5.8 580 0.50 M Br 0.004 67.00 1.06E-13 VW R VL 
  






-6 600 1 SiM Br 
0.004-
0.06 
71.89 1.20E-13 W SR VL 
  
-6.1 610 0.50 MSi Br-Gr 
0.004-
0.06 
71.89 1.20E-13 W SR VL 
  



































































































































0 0 7 SaSH Gr-W-TBl 0.125-1 45.48 4.18E-11 P A H Shell 
6 cm Gradual contact - 
coarse sand above shell 
hash below 
-0.1 10 7 SaSH Y-O-T-Bl .025-8 45.48 4.18E-11 VP A VH Shell Shell hash - bivalves 
-0.2 20 7 SaSH Y-O-T-Bl 0.25-10 45.48 4.18E-11 VP A VH Shell 
 
-0.3 30 7 SaSH Y-O-T-Bl 0.25-12 45.48 4.18E-11 VP A VH Shell 
 
-0.4 40 7 SaSH Y-O-T-Bl 0.25-15 45.48 4.18E-11 VP A VH Shell 
49 cm Sharp contact - 






-0.5 50 7 SaSH T-Gr-Bl 0.03-0.5 45.48 4.18E-11 P A VH Shell 
54 cm Sharp contact - 
coarse sand above shell 
hash below 
-0.6 60 7 SaSH T-O-R-Bl 0.5-6 45.48 4.18E-11 VP A VH Shell 
 
-0.7 70 7 SaSH T-O-Bl-W 0.5-4 45.48 4.18E-11 VP A VH Shell 
 
-0.8 80 7 SaSH T-O-Bl-W 0.25-3 45.48 4.18E-11 P A VH Shell 
81 cm Sharp contact - 
large shells above 
smaller shells below 
-0.9 90 3 SiSa Gr-T-Bl 0.03-1 53.54 1.95E-11 M SA H Shell 
Empty space between 
96 and 99 cm 
-1 100 6 MSH Bl-Gr-Br 0.004-10 47.43 2.12E-11 VP A M Shell 
< 4 mm shells with SiM 
between 
-1.1 110 6 MSH Bl-T-W-Br 0.004-15 47.43 2.12E-11 VP A H Shell 
 
-1.2 120 1 MSi Gr-W-T 0.004-3 71.89 1.20E-13 M SA M Shell 
126-128cm Gradual 
contact - <2mm shell 
above >1mm shell 
below 
-1.3 130 7 SaSH W-T-Gr 0.5-6 45.48 4.18E-11 P A H Shell 
133cm-Sharp Contact -
shell hash above silt 





-1.4 140 6 MSH Gr-Br-Bl-T 0.03-6 47.43 2.12E-11 VP A H Shell 
 
-1.5 150 7 SaSH Gr-W-T 0.03-3 45.48 4.18E-11 P SA M Shell 
 
-1.55 155 5 Sa Gr-W 0.125-2 54.44 1.59E-11 W SA M Shell Iron Staining 
-1.65 165 5 Sa Gr-W 0.125-5 54.44 1.59E-11 W-P SA M Shell 
 
-1.75 175 5 Sa Gr 0.05-2 54.44 1.59E-11 W SA M Shell 
 
-1.85 185 3 SiSa Gr 0.06-1 53.54 1.95E-11 W SA L Shell 
 
-1.95 195 3 SiSa Gr 0.06-0.5 53.54 1.95E-11 W SA L Shell 
 
-2.05 205 3 SiSa Gr 0.06-0.25 53.54 1.95E-11 W SA L Shell Bioturbation 
-2.15 215 3 SiSa Gr-Bl 0.06-0.25 53.54 1.95E-11 W SR L Shell 
 
-2.25 225 1 MSi Gr-Bl 0.004-0.125 71.89 1.20E-13 W SR L 
  
-2.35 235 3 SiSa Gr 0.06-0.125 53.54 1.95E-11 W SR L Shell Mud hole 
-2.45 245 3 SiSa Gr 0.06-0.25 71.89 1.95E-11 W SR L 
  






-2.65 265 1 MSi Gr 0.004-0.125 71.89 1.20E-13 M SR L 
 
Piece of wood 
-2.75 275 3 SiSa Gr 0.06-0.125 53.54 1.95E-11 W SR L 
  
-2.85 285 3 SiSa Gr 0.01-0.125 53.54 1.95E-11 W SR L 
 
Mud layer at 295 cm 
-2.95 295 3 SiSa Gr-W-Bl-T 0.06-4 53.54 1.95E-11 W SA M 
 
295 cm Sharp contatct 
SiSa above and Sa with 
shells below 
-3.05 305 7 SaSH Gr-Bl-T 0.25-3 45.48 4.18E-11 M SA M Shell 
 
-3.08 308 7 SaSH Gr-W-Bl-T 0.06-3 45.48 4.18E-11 P A H Shell 
Shell hash < 10 mm at 
coarsest 
-3.18 318 5 Sa 
Gr-W-Bl     
Gr-T 
0.06-10              
0.03-1 
54.44 1.59E-11 
P                   
W 
A                      
SA 
H                        
M 





-3.28 328 6 MSH 
Br-Gr-W-
Bl 
0.004-4 47.43 2.12E-11 VP SA L Shell 
 
-3.38 338 7 SaSH Br-T-Gr-Bl 0.25-4 45.48 4.18E-11 P A H Shell 
 
-3.48 348 7 SaSH T-Gr-Bl-W 0.125-1 45.48 4.18E-11 P A H Shell 
Sharp contact sand 






-3.58 358 6 MSH Br-W 0.004-15 47.43 2.12E-11 VP R M Shell 
 
-3.68 368 6 MSH Br-T-W-Bl 0.004-3 47.43 2.12E-11 P SR P Shell 
 
-3.78 378 6 MSH Bt-Gr-T 0.004-1 47.43 2.12E-11 M SR P Shell 
Sharp Contact shell hash 
above mud below 
-3.88 388 6 MSH Br-W-T 0.004-2 47.43 2.12E-11 P R VP Shell 
 
-3.98 398 1 SiM Br-Gr 0.004-0.04 71.89 1.20E-13 W R VP Shell 
Black spot that looks 
organic 
-4.08 408 1 SiM Br-Gr 0.004-0.05 71.89 1.20E-13 W R VP 
  
-4.18 418 1 SiM Br-Gr 0.004-0.06 71.89 1.20E-13 W R VP 
  
-4.28 428 1 SiM Br-Gr-Bl 0.004-0.07 71.89 1.20E-13 W R VP 
 
Gradual contact mud 
above silt below 
-4.38 438 1.00 MSi Gr-Br 0.004-0.08 71.89 1.20E-13 W R P 
 
Small layers of silt 
-4.48 448 0.50 M Br 0.004 67.00 1.06E-13 W R VP 
  
-4.58 458 1.00 MSi Gr-Br 0.004-0.04 71.89 1.20E-13 W R P 
  






-4.71 471 1.00 SiM Br-Gr 0.004-0.04 71.89 1.20E-13 W R VL 
  
-4.81 481 1.00 SiM Br-Gr 0.004-0.04 71.89 1.20E-13 W R VL 
  
-4.91 491 1.00 SiM Br-Gr 0.004-0.04 71.89 1.20E-13 W R VL 
 
Black line 
-5.01 501 1.00 SiM Br-Gr 0.004-0.04 71.89 1.20E-13 W R VL 
  
-5.11 511 0.50 M Br 0.04 67.00 1.06E-13 W R VL 
  
-5.21 521 1.00 SiM Br-Gr 0.004-0.04 71.89 1.20E-13 W R VL 
  
-5.31 531 1.00 SiM Br-Gr 0.004-0.04 71.89 1.20E-13 W R VL 
 
Black line and circle 
oragnic matter 
-5.41 541 1.00 SiM Br-Gr 0.004-0.04 71.89 1.20E-13 W R VL 
  
-5.51 551 0.50 M Br 0.04 67.00 1.06E-13 W R VL 
  
-5.61 561 0.50 M Br 0.04 67.00 1.06E-13 W R VL 
  






























































































































0 0 7 SaSH T-W-Bl 0.25-7 45.48 42.33 P A H Shell   
-0.1 10 7 SaSH T-W-Bl 0.25-18 45.48 42.33 VP A H Shell   
-0.2 20 7 SaSH 
T-Gr-
W-Bl 
0.05-4 45.48 42.33 P A M Shell 
Gradual contact- Greyer and finer 
below 
-0.3 30 7 SaSH Bl-W-T 0.25-3 45.48 42.33 P A H Shell 
Sharp contact- Darker and coarser 
below 
-0.4 40 7 SaSH T-W-Bl 0.25-4 45.48 42.33 P A H Shell 






-0.5 50 7 SaSH 
W-Gr-
T-Bl 
0.15-3 45.48 42.33 P A H Shell Silty layer 
-0.6 60 7 SaSH 
W-Gr-
Bl-T 
0.15-2 45.48 42.33 P A H Shell   
-0.7 70 7 SaSH 
Gr-W-
Bl-T 
0.125-1 45.48 42.33 M A H Shell 
Sharp contact- Darker and coarser 
below 
-0.8 80 7 SaSH 
Bl-Gr-
T 
0.125-3 45.48 42.33 P A H Shell 
Sharp contact- Lighter and finer 
below 
-0.9 90 7 SaSH 
Gr-W-
Bl-T 
0.125-1 45.48 42.33 M A M Shell   
-1 100 7 SaSH 
Gr-Bl-
T 
0.125-2 45.48 42.33 M A H Shell Sharp contact- Finer below 
-1.1 110 6 MSH 
Gr-W-
Bl 
0.02-1 47.43 21.27 M A H Shell Mud pocket 
-1.2 120 6 MSH 
Gr-W-
Bl 
0.015-0.5 47.43 21.27 W SA M Shell 
Sharp contact- Darker and coarser 
below 
-1.3 130 6 MSH 
Gr-T-
Bl 
0.008-3 47.43 21.27 P A H Shell 
Shell piece 23 mm long at 133 
cm, Mud layer 
-1.4 140 6 MSH 
Gr-W-
Bl 
0.004-2 47.43 21.27 P A H Shell 






-1.5 150 6 MSH 
Gr-Bl-
W 
0.004-2 47.43 21.27 P A H Shell   
-1.55 155 3 SiSa 
Gr-Br-
W 
0.008-2 53.54 19.73 M SR L Shell Occasional shells < 6 mm 
-1.65 165 3 SiSa 
Gr-Br-
W 
0.008-2 53.54 19.73 M SR L Shell   
-1.75 175 1 MSi 
Br-Gr-
W 
0.004-3 71.89 0.12 M SR VL Shell   
-1.85 185 1 MSi 
Br-Gr-
W 
0.004-1 71.89 0.12 M SR VL Shell   
-1.95 195 1 MSi 
Br-Gr-
W 
0.004-1 71.89 0.12 M SR VL Shell   
-2.05 205 1 MSi 
Br-Gr-
W 
0.004-2 71.89 0.12 M SR L Shell   
-2.15 215 1 MSi 
Br-Gr-
Bl-W 
0.004-4 71.89 0.12 P SR L Shell   
-2.25 225 5 Sa 
Gr-Bl-
T 
0.25-12 54.44 16.16 VP SA H Shell Layer of shell hash 





-2.45 245 0.75 MSi Br-Gr 0.004-0.5 71.89 15.86 W SR VL Shell 
Sharp Contact- White muddy 
sand below 
-2.55 255 0.75 MSi W-Gr 0.008-0.5 71.89 15.86 W SR VL Shell   
-2.65 265 0.75 MSi W-Gr 0.008-0.25 71.89 15.86 W SR VL Shell   
-2.75 275 0.75 Msi W-Gr 0.008-0.8 71.89 15.86 W SR VL Shell Layer of muddy silt 
-2.85 285 0.75 Msi W-Gr 0.008-0.8 71.89 15.86 W SR VL Shell 
Sharp contact- Darker and coarser 
below, Sharp contact- Lighter and 
Finer below 
-2.95 295 0.75 Msi W-Gr 0.008-0.8 71.89 15.86 W SR VL Shell   
-3.05 305 0.75 Msi W-Gr 0.008-0.8 71.89 15.86 W SR VL Shell   
-3.08 308 0.75 SiM 
W-Gr-
Bl 
0.004-1 71.89 15.86 M SA L Shell   
-3.18 318 0.75 SiM 
W-Gr-
Bl 
0.004-2 71.89 15.86 M SA L Shell   
-3.28 328 0.75 SiM 
W-Gr-
Bl 
0.004-2 71.89 15.86 M SA L Shell   





Bl Sharp contact- Lighter and Finer 
below 
-3.48 348 0.75 SiM 
W-Gr-
Bl 
0.004-2 71.89 15.86 M SA L Shell 
Cycles of coarsing upward mud 
to sand 
-3.58 358 0.75 SiSa 
W-Gr-
Bl 
0.008-4 53.54 15.86 P SA M Shell   
-3.68 368 0.75 SiM 
W-Gr-
Bl 
0.004-0.25 71.89 15.86 W SA L Shell   
-3.78 378 0.75 MSi 
W-Gr-
Bl 
0.004-0.05 71.89 15.86 W SR L Shell 
Sharp Contact- Darker and 
browner mud to silt 
-3.88 388 0.75 MSi Br-Gr 0.004-0.02 71.89 15.86 W SR L Shell 
Sharp contact- Darker and coarser 
below, Layer of mud 
-3.98 398 0.75 SiM 
Gr-Bl-
W 
0.004-0.25 71.89 15.86 M SR L Shell 
Sharp contact- Darker muddy 
sand below 
-4.08 408 0.75 MSi 
Br-Gr-
Bl 






























































































































0 0 3 SiSa Br-Gr-T 0.04-1 53.54 19.73 M SA H Shell   
-0.1 10 3 SiSa Br-Gr-T 0.04-3 53.54 19.73 M SA H Shell   
-0.2 20 3 SiSa Br-Gr-Bl-W 0.04-3 53.54 19.73 P SA H Shell   
-0.3 30 1 MSi Br-Gr 0.004-0.25 71.89 0.12 M SR M Shell 
Sharp contact- More large shells 
with a muddy matrix  
-0.4 40 6 MSH Br-Gr-W-T 0.004-10 47.43 21.27 VP SR VH Shell   





-0.6 60 7 SaSH Br-W-Bl 0.1-8 45.48 42.33 P SA VH Shell Sharp contact- Grey sand below 
-0.7 70 3 SiSa Gr-W-Br 0.015-2 53.54 19.73 M SA M Shell Shell layer and shell pocket 
-0.8 80 1 MSi Br-Gr-W 0.0074-1 71.89 0.12 P SA M Shell 
Sharp contact- Lighter and 
coarser shells below 
-0.9 90 7 SaSH Gr-W-Br 0.04-3 45.48 42.33 P SR H Shell   
-1 100 7 SaSH Gr-W-Bl-T 0.04-6 45.48 42.33 P SA H Shell   
-1.1 110 3 SiSa Gr-W-Bl 0.04-1 53.54 19.73 M SA M Shell   
-1.2 120 7 SaSH Gr-Bl-W 0.04-4 45.48 42.33 P SA H Shell   
-1.3 130 7 SaSH Gr-W-Bl 0.04-7 45.48 42.33 P SA H Shell   
-1.4 140 7 SaSH Gr-W-T 0.04-3 45.48 42.33 M SA M Shell   
-1.5 150 3 SiSa Gr-Bl-W 0.04-4 53.54 19.73 M SA M Shell   
-1.54 154 3 SiSa Gr-W 0.04-0.25 53.54 19.73 W SA M Shell   





-1.74 174 3 SiSa Gr-W 0.004-1 53.54 19.73 M SR L Shell   
-1.84 184 3 SiSa Gr-W 0.04-0.25 53.54 19.73 W SA M Shell   
-1.94 194 3 SiSa Gr-Br 0.04-0.25 53.54 19.73 W SR L Shell   
-2.04 204 3 SiSa Gr-W-Bl 0.04-0.5 53.54 19.73 W SR M Shell   
-2.14 214 3 SiSa Gr-W-Bl 0.04-0.5 53.54 19.73 W SR M Shell   
-2.24 224 3 SiSa Gr-W 0.04-0.25 53.54 19.73 W SR M Shell Some white shells 
-2.34 234 3 SiSa Gr-W 0.04-4 53.54 19.73 P SR H Shell   
-2.44 244 1 Msi Gr-W 0.004-15 71.89 0.12 VP SA VH Shell Many large white shells 
-2.54 254 0.75 Lime W-Gr 0.004-15 43.34 15.86 VP SA H Shell Sharp contact- White lime mud 
-2.64 264 0.75 Lime W-Gr 0.004-0.015 43.34 15.86 VW R VL     
-2.74 274 0.75 Lime W-Gr 0.004-0.015 43.34 15.86 VW R VL     






























































































































0 0 7 SaSH T-W-Bl 0.25-15 45.48 42.33 P SR H Shell Sharp contact- mud below 
-0.1 10 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL   Layer of sand 
-0.2 20 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-0.3 30 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-0.4 40 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     





-0.6 60 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-0.7 70 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-0.8 80 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-0.9 90 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-1 100 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-1.1 110 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-1.2 120 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-1.3 130 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-1.4 140 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-1.5 150 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-1.56 156 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     





-1.76 176 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-1.86 186 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-1.96 196 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-2.06 206 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-2.16 216 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-2.26 226 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL     
-2.36 236 0.5 M Br-Gr 0.004 67.00 0.10 VW WR VL   
Gradual Boundary- White 
and yellow muddy sand 
below 
-2.46 246 0.75 SiM Br-Gr-Y 0.02-0.004 71.89 0.12 W SR VL   Lime Mud 
-2.56 256 0.75 MSi Br-Y-Gr 0.004-0.04 71.89 0.12 M SR VL     
-2.66 266 0.75 Lime Y-Br-W 0.004-2 43.34 15.86 P SA L     
-2.76 276 0.75 Lime Br-Gr-W 0.004-2 43.34 15.86 P SA L     





-2.96 296 0.75 Lime W-T-Gr 0.004-1 43.34 15.86 P SA M     
-3.06 306 0.75 Lime O-Y 0.02-2 43.34 15.86 P SA H     
-3.07 307 0.75 Lime O-Y-W 0.02-2 43.34 15.86 P SA M   Iron stained lime mud 
-3.17 317 0.75 Lime O-Y-W 0.02-2 43.34 15.86 P SA M   
Silty sections are more 
orange 
-3.27 327 0.75 Lime O-W 0.004-1 43.34 15.86 P SR L     
-3.37 337 0.75 Lime O-Y-W 0.02-2 43.34 15.86 P SA M     
-3.47 347 0.75 Lime W-O-Gr 0.004-3 43.34 15.86 P SR L     
-3.57 357 0.75 Lime O-Y 0.004-0.02 43.34 15.86 W R VL   
Sharp contact- Coarser 
SiSa below 
-3.67 367 0.75 Lime O-W-Gr 0.02-0.25 43.34 15.86 W R L     
-3.77 377 0.75 Lime W-O-Gr 0.004-0.125 43.34 15.86 W R VL     








































































































0 0 5 Sa O-Br-Gr 0.25-5 VP SR VH Shell   
-0.1 10 5 Sa O-Br-T-Gr 0.25-10 VP SR VH Shell   
-0.2 20 5 Sa Br-Gr-T 0.125-3 P SR H Shell 
Sharp contact- White lime silty to 
muddy sand 
-0.3 30 0.75 Lime Gr-W 0.01-2 P SA M     





-0.5 50 0.75 Lime W-Gr 0.01-1 M SR M     
-0.6 60 0.75 Lime W-Gr 0.01-2 M SA M   Layer of coarser sand 
-0.7 70 0.75 Lime W-Gr 0.01-0.5 W SR M   Layer of coarser sand 
-0.8 80 0.75 Lime W-Gr 0.01-2 M SR M   Layer of coarser sand 
-0.9 90 0.75 Lime Gr-W 0.01-0.5 W SR M     
-1 100 0.75 Lime Gr-W 0.01-1 M SR M     
-1.1 110 0.75 Lime Gr-W 0.01-1 M SR M     








































































































0 0 5 Sa Gr-W-Bl 0.1-2 W SA M Shell   
-0.1 10 5 Sa Gr-Bl-W 0.1-2 M SA M Shell   
-0.2 20 5 Sa Gr-W-T 0.1-0.8 W SR M Shell   
-0.3 30 5 Sa Gr-W-T 0.1-0.8 W SR M Shell   
-0.4 40 5 Sa Gr-W-T 0.1-1 W SR M Shell Big oyster shell ~15 cm 





-0.6 60 5 Sa T-Gr-Bl-W 0.1-8 P SA H Shell 
Sharp contact- Fine grey sand 
below 
-0.7 70 5 Sa Gr-W-Bl 0.1-0.5 W SR M Shell   
-0.8 80 5 Sa Gr-W-Bl 0.1-0.25 VW SR L Shell   
-0.9 90 5 Sa Gr-Bl-W 0.1-3 P SA M Shell   
-1 100 5 Sa Gr-W-Bl 0.1-0.25 VW SR L Shell   
-1.1 110 5 Sa Gr-W-Bl 0.1-0.5 VW SR L Shell   
-1.2 120 5 Sa Gr-Bl-W 0.1-1 W SR M Shell   
-1.3 130 5 Sa Gr-Bl 0.1-1 W SR M Shell   
-1.4 140 5 Sa Gr-Bl 0.1-1 W SR M Shell Big clam shell ~3 cm 
-1.5 150 5 Sa Gr-Bl-W-T 0.2-10 VP SR H Shell   
-1.55 155 5 Sa Gr-Bl 0.1-0.25 W SA M Shell   





-1.75 175 1 MSi Gr-Gn 0.004-0.08 W SR L Shell 
Sharp contact- Yellowish muddy 
sand below 
-1.85 185 1 MSa Gr-Br 0.004-2 P SR L Shell   
-1.95 195 1 MSa Gr-Y-W 0.004-2 P SA L Shell   
-2.05 205 1 MSa Gr-Y-W 0.004-4 P SA L Shell 
Gradual contact- Brown muddy 
shell hash below 
-2.15 215 1 MSa Gr-Y-W 0.004-5 P SA L Shell   
-2.25 225 1 MSa Br-W-T 0.004-10 VP SR M Shell   
-2.35 235 1 MSa Br-Gr-W 0.004-5 VP SR M Shell 
Sharp contact- White lime 
muddy sand below 
-2.45 245 0.75 MSa W-Gr-Bl 0.004-0.5 P SR L     
-2.55 255 0.75 SiSa W-Gr-Bl 0.01-1 P SR L     
-2.65 265 0.75 SiSa W-Gr 0.01-1 P SR L   Sharp contact- Muddy silt below 
-2.75 275 0.75 MSi W-Gr 0.004-0.02 W R L   Sharp contact- Silty sand below 





-2.95 295 0.75 SiSa W-Gr 0.01-3 P SA M     
-3.05 305 0.75 SiSa W-Gr 0.01-2 P SA M     
-3.07 307 0.75 SiSa W-Gr-Bl 0.01-1 P SA M     
-3.17 317 0.75 SiSa W-Gr-Bl 0.01-3 P SA M   
Gradual contact- muddy sand 
below 
-3.27 327 0.75 MSa T-W-Gr 0.004-0.5 P SR L Shell 
Large shells or linticular beds 
parallel to seafloor and beds 
-3.37 337 0.75 MSa T-W-Gr 0.004-0.5 P SR L Shell   
-3.47 347 0.75 MSa T-W-Gr 0.004-0.25 P SR L Shell   
-3.57 357 0.75 MSi T-W 0.004-0.01 W SR L     
-3.67 367 0.75 SiSa T-Gr 0.08-0.5 P SA M     
-3.77 377 0.75 MSa T-Gr 0.004-0.25 P SR L     
-3.87 387 0.75 SiSa T-Gr-O 0.01-0.5 P SA M     





-4.07 407 0.75 MSa T-W-Gr 0.004-0.25 P SR L     
-4.17 417 0.75 MSa T-Gr 0.004-0.26 P SR L     
-4.27 427 0.75 MSi O-T-Gr 0.004-0.08 W SR L     
-4.37 437 0.75 MSa O-T-Gr 0.004-0.25 P SR L   
Sharp contact- Grey coarser sand 
below 
-4.47 447 0.75 SiSa Gr-W-Bl 0.01-0.5 P SR M     
-4.57 457 0.75 Sa Bl-Gr-T 0.125-3 P SA H Shell   
-4.59 459 0.75 SiSa T-Bl-Gr 0.01-3 P SA H     
-4.69 469 0.75 SiSa T-Bl-Gr 0.01-4 P SA H     
-4.79 479 0.75 SiSa Gr 0.007-2 P SA M   
Large shells or linticular beds 
parallel to seafloor and beds, 
Sharp contact- Finer grey muddy 
sand below 
-4.89 489 0.75 SaM Gr 0.004-0.25 M SR L     
-4.99 499 0.75 SaM Gr 0.004-1 M SR L   






-5.09 509 0.75 SiM Gr 0.004-0.08 W SR L     
-5.19 519 0.75 SiM Gr 0.004-0.08 W SR L     
-5.29 529 0.75 SiM Gr 0.04-0.04 W R L     
-5.39 539 0.75 SiM Gr 0.004-0.08 W R L     
-5.49 549 0.75 SiM Gr 0.004-0.08 W R L     
-5.59 559 0.75 SiM Gr 0.004-0.04 W R L     








































































































0 0 3 SiSa Gr-W-T 0.05-0.5 W SA H Shell   
-0.1 10 3 SiSa Gr-W-T 0.03-1 W SA H Shell   
-0.2 20 3 SiSa Gr-W-T 0.03-1 W SA H Shell Sharp contact- Shell hash below 
-0.3 30 5 Sa T-Bl-W 0.125-5 P SA VH Shell   
-0.4 40 5 Sa T-W-Bl 0.125-8 P SA VH Shell Sharp contact- SaM below 





-0.6 60 1 SaM Br-Gr-W 0.004-10 VP SR L Shell Fining upward- 61-81 cm 
-0.7 70 1 SaM Br-Gr 0.004-1 P SR L Shell   
-0.8 80 1 MSa Br-Gr-W 0.004-15 VP SA M Shell Fining upward- 81-105 cm 
-0.9 90 1 SaM Br-Gr 0.004-0.125 W SR VL Shell   
-1 100 1 SaM W-Gr 0.004-10 VP SA M Shell   
-1.1 110 1 SaM W-Gr 0.004-0.5 P SR L   Sharp contact- White limey SaM below 
-1.2 120 0.75 MSa W-Gr 0.004-1 P SR L     
-1.3 130 0.75 SiSa W-Gr 0.01-0.5 W SA M     
-1.4 140 0.75 SiSa W-Gr 0.04-0.5 W SA M     
-1.5 150 0.75 SiSa W-Gr 0.01-0.5 W SA M     
-1.56 156 0.75 SiSa W-Gr-Bl 0.01-0.25 W SA M     
-1.66 166 0.75 Msa W-Gr-Bl 0.004-0.25 W SA L     





-1.86 186 0.75 MSa W-Gr-Bl 0.004-0.25 W SA L     
-1.96 196 0.75 SiSa W-Gr-Bl 0.01-0.5 W SA M     
-2.06 206 0.75 SiSa W-Gr-Bl 0.01-0.5 W SA M     
-2.16 216 0.75 MSa W-Gr-Bl 0.004-0.5 W SA L     
-2.26 226 0.75 MSa W-Gr-Bl 0.004-1 P SA L     
-2.36 236 0.75 MSa W-Gr-Bl 0.004-0.5 P SA L     
-2.46 246 0.75 MSa W-Gr-Bl 0.004-1 P SA L     
-2.56 256 0.75 MSa W-Gr-Bl 0.004-2 P SA L   Iron staining 
-2.66 266 0.75 MSa W-Gr-Bl 0.004-0.125 W SA L   Sharp contact- Darker SiSa below 
-2.76 276 0.75 SiSa W-Gr-Bl 0.01-0.25 W SA M     
-2.86 286 0.75 SiSa W-Gr-Bl 0.1-0.25 W SA M   Gradual contact- Msa below 









































































































0 0 5 Sa T-Gr-W 0.125-10 P SR H   
Sharp contact- White limey 
MSa below 
-0.1 10 0.75 Msa W-Gr 0.004-0.5 P SR L     
-0.2 20 0.75 SiSa W-Gr-T 0.01-3 P SR M   
Big grey shells parallel to the 
seafloor 
-0.3 30 0.75 MSa W-Gr 0.004-5 P SR L     





-0.5 50 0.75 MSa W-Gr 0.004-5 P SR L     
-0.6 60 0.75 MSa W-Gr 0.004-5 P SR L     
-0.7 70 0.75 MSa W-Gr 0.004-3 P SR L     
-0.8 80 0.75 MSa W-Gr 0.004-5 P SR L     
-0.9 90 0.75 MSa W-Gr 0.004-3 P SR L     
-1 100 0.75 MSa W-Gr 0.004-3 P SR L     
-1.1 110 0.75 MSa W-Gr 0.004-5 P SR L     
-1.2 120 0.75 SiSa W-Gr 0.01-8 P SA M     
-1.3 130 0.75 MSa W-Gr 0.004-3 P SA L     
-1.4 140 0.75 MSa W-Gr 0.004-5 P SA L     
-1.5 150 0.75 SiM W-Gr 0.004-0.1 W SR L     
-1.54 154 0.75 SiSa Gr 0.01-0.125 W SR L     





-1.74 174 0.75 SiSa Gr 0.01-0.125 W SR L     
-1.84 184 0.75 SiSa Gr 0.01-0.125 W SR L     
-1.94 194 0.75 MSi Gr 0.004-0.08 W SR L     
-2.04 204 0.75 MSa Gr 0.004-0.125 W SR L     
-2.14 214 0.75 MSi Gr 0.008-0.08 W SR L     
-2.24 224 0.75 MSi Gr 0.004-0.08 W SR L     
-2.34 234 0.75 MSi Gr 0.004-0.09 W SR L     
-2.44 244 0.75 MSi Gr 0.004-0.10 W SR L     
-2.54 254 0.75 MSi Gr 0.004-0.11 W SR L     
-2.64 264 0.75 MSi Gr 0.004-0.12 W SR L     
-2.74 274 0.75 MSi Gr 0.004-0.13 W SR L     
-2.84 284 0.75 MSa Gr 0.004-0.125 W SR L     





-3.04 304 0.75 Msi Gr 0.004-0.08 W SR L     
-3.07 307 0.75 SiSa Gr 0.01-0.125 W SR L     
-3.17 317 0.75 SiSa Gr 0.01-0.125 W SR L     
-3.27 327 0.75 SiSa Gr 0.01-0.125 W SR L   
Gradual contact- Gr-Br Msa 
below 
-3.37 337 0.75 MSa Gr-Br 0.004-0.125 M SR L     
-3.47 347 0.75 SaM Gr-Br 0.004-0.125 M SR L     
-3.57 357 0.75 SiSa Gr-Br 0.004-0.25 M SR L   
Sharp contact- Dark grey 
SiSa below 
-3.67 367 0.75 MSa Gr 0.01-0.25 M SR M     
-3.77 377 0.75 MSa Gr 0.004-0.25 M SR L     
-3.87 387 0.75 MSa Gr 0.004-0.25 M SR L     
-3.97 397 0.75 MSa Gr 0.004-0.25 M SR L     





-4.17 417 0.75 MSa Gr 0.004-0.25 M SR L     
-4.27 427 0.75 MSa Gr-Br 0.004-0.125 M SR L     
-4.37 437 0.75 SiM Gr-Br 0.004-0.08 M SR L     
-4.47 447 0.75 SiM Gr-Br 0.004-0.1 M SR L     
-4.57 457 0.75 SiM Gr-Br 0.004-0.2 M SR L     
-4.6 460 0.75 MSa Gr-Br 0.004-0.125 M SR L     
-4.7 470 0.75 MSi Gr-Br 0.004-0.1 W SR L     
-4.8 480 0.75 SaM Gr-Br 0.004-0.125 M SR L     
-4.9 490 0.75 SaM Gr-Br 0.004-0.125 M SR L     
-5 500 0.75 SaM Gr-Br 0.004-0.125 M SR L     
-5.1 510 0.75 MSa Gr-Br 0.004-0.125 M SR L     
-5.2 520 0.75 SiM Gr-Br 0.004-0.08 W SR L     






























































































































0 0 5 Sa Br-Gr 0.125-0.25 54.44 16.16 VW SA H     
-0.1 10 3 SiSa Gr-Br 0.05-0.5 53.54 19.73 W SA H   
Sharp contact- Brown muddy silt with 
shells below 
-0.2 20 1 MSi Br 0.004-0.1 71.89 0.12 P SA L     
-0.3 30 6 MSi Br 0.004-0.125 71.89 0.12 P SA L Shell   
-0.4 40 6 MSi Br 0.004-0.25 71.89 0.12 P SR L Shell   





-0.6 60 6 MSi Br-Gr-Bl 0.004-5 71.89 0.12 VP SR M Shell 
Sharp contact- Brown muddy fine sand 
below 
-0.7 70 1 MSi Gr-Br 0.004-0.125 71.89 0.12 W SR L     
-0.8 80 1 MSi Gr-Br 0.004-0.125 71.89 0.12 W SR L     
-0.9 90 1 MSi Gr-Br 0.004-0.08 71.89 0.12 W SR L     
-1 100 1 MSi Gr-Br 0.004-0.05 71.89 0.12 W SR L     
-1.1 110 1 MSi Gr-Br 0.004-0.05 71.89 0.12 W SR L     
-1.2 120 1 MSi Gr-Br 0.004-0.05 71.89 0.12 W SR L     
-1.3 130 0.5 M Gr-Br 0.004 67.00 0.10 VW R VL     
-1.4 140 0.5 M Gr-Br 0.004 67.00 0.10 VW R VL     
-1.5 150 0.5 M Gr-Br 0.004 67.00 0.10 VW R VL     
-1.54 154 0.5 M Gr-Br 0.004 67.00 0.10 VW R VL   Sharp contact- Lighter grey MSi below 
-1.64 164 0.75 M Gr-Br 0.004 43.34 15.86 VW R VL     





-1.84 184 0.75 MSi Gr-Bl 0.004-0.25 43.34 15.86 M SR L     
-1.94 194 0.75 MSi Gr-Bl 0.004-1 43.34 15.86 P SA L     
-2.04 204 0.75 MSi Gr-Bl 0.004-1 43.34 15.86 P SA L     
-2.14 214 0.75 MSi Gr-Bl 0.004-1 43.34 15.86 P SA L     
-2.24 224 0.75 MSi Gr-Bl 0.004-1 43.34 15.86 VP SA M Shell Large flat pieces of grey shell 
-2.34 234 0.75 MSi Gr-Bl 0.004-1 43.34 15.86 VP SA M Shell   
-2.44 244 0.75 MSi Gr-Bl 0.004-2 43.34 15.86 P SA M     
-2.54 254 0.75 Lime W-Gr-Bl 0.004-2 43.34 15.86 P SA M     
-2.64 264 0.75 Lime W-Gr-Bl 0.004-2 43.34 15.86 P SA M     
-2.74 274 0.75 Lime W-Gr-Bl-T 0.004-2 43.34 15.86 P SA M     
-2.84 284 0.75 Lime W-Gr-Bl-Y 0.004-2 43.34 15.86 P SA M     
-2.94 294 0.75 Lime W-Y-Bl 0.004-2 43.34 15.86 P SA M     





-3.07 307 0.75 Lime W-O-Bl 0.004-3 43.34 15.86 P SA M     
-3.17 317 0.75 Lime W-Y-Bl 0.004-1 43.34 15.86 P SA L   Large grey shells parallel to the seafloor 
-3.27 327 0.75 Lime W-O-Bl 0.004-2 43.34 15.86 P SA L     
-3.37 337 0.75 Lime W-O-Bl 0.004-1 43.34 15.86 P SA L     
-3.47 347 0.75 Lime W-O-Bl 0.004-0.5 43.34 15.86 P SA L     
-3.57 357 0.75 Lime W-O-Bl 0.004-0.5 43.34 15.86 P SA L     
-3.67 367 0.75 Lime W-O-Bl 0.004-0.5 43.34 15.86 P SA L     
-3.77 377 0.75 Lime W-O-Bl 0.004-0.25 43.34 15.86 P SA L     
-3.87 387 0.75 Lime W-Y-Gr-Bl 0.004-0.25 43.34 15.86 W SA L     
-3.97 397 0.75 Lime Gr-Y-Bl 0.004-0.5 43.34 15.86 P SA L     
-4.07 407 0.75 Lime Gr-Y-Bl 0.004-0.5 43.34 15.86 P SA L     
-4.17 417 0.75 Lime Gr-Y-Bl 0.004-0.5 43.34 15.86 P SA L     





-4.37 437 0.75 Lime Gr-W-Bl 0.004-0.5 43.34 15.86 P SA M     
-4.47 447 0.75 Lime Gr-W-Bl 0.004-0.5 43.34 15.86 P SA L     
-4.57 457 0.75 Lime Gr-W-Bl 0.004-0.5 43.34 15.86 P SA L     
-4.59 459 0.75 Lime W-Gr-T-Bl 0.125-0.5 43.34 15.86 M SR M   Lime Mud 
-4.69 469 0.75 Lime W-Gr-T-Bl 0.004-0.5 43.34 15.86 M SR L     
-4.79 479 0.75 Lime W-Gr-Bl 0.004-0.5 43.34 15.86 M SR L     
-4.89 489 0.75 Lime W-Gr-Bl 0.004-0.5 43.34 15.86 M SR L     
-4.99 499 0.75 Lime W-Gr-Bl 0.004-1 43.34 15.86 M SR L   Large grey shells parallel to seafloor 
-5.09 509 0.75 Lime W-Gr-Bl 0.004-3 43.34 15.86 M SA L   
Black rounded stones 506-558 cm and 1-8 
cm across 
-5.19 519 0.75 Lime W-Gr-Bl 0.004-0.5 43.34 15.86 M SR L     
-5.29 529 0.75 Lime W-Gr-Bl 0.004-0.25 43.34 15.86 W SR L     
-5.39 539 0.75 Lime Br-Gr-Bl 0.004-0.5 43.34 15.86 M SR L     





-5.59 559 0.75 Lime Br-Gr-Bl 0.004-20 43.34 15.86 VP SR L     
-5.69 569 0.75 Lime Br-Bl 0.004-0.25 43.34 15.86 W SR L     
-5.79 579 0.75 Lime Br-Bl 0.004-0.25 43.34 15.86 W SR L     
-5.89 589 0.75 Lime Br-Bl 0.004-0.25 43.34 15.86 W SR L     
-5.99 599 0.75 Lime Br-Bl 0.004-0.25 43.34 15.86 W SR L     
-6.09 609 0.75 Lime Br-Bl 0.004-0.25 43.34 15.86 W SR L     
-6.11 611 0.75 Lime Br-Bl 0.004-0.25 43.34 15.86 M SR L     
-6.21 621 0.75 Lime Br-Bl 0.004-0.25 43.34 15.86 M SR L     
-6.31 631 0.75 Lime Br-Bl 0.004-0.25 43.34 15.86 M SR L     








































































































0 0 5 Sa Gr-W-Bl 0.125-0.25 W SA M   Sharp contact- Shell hash and fine SiSa below 
-0.1 10 3 SiSa Gr-Br-W 0.1-0.25 W SA M Shell 
 
-0.2 20 3 SiSa Br-Gr-Bl 0.1-0.25 W SA M Shell 
 
-0.3 30 3 
SiSa                
Gr 
Gr-Br-Bl 0.1-10 VP SA H Shell Large shell 
-0.4 40 3 SiSa Gr-Br-Bl 0.08-0.25 W SA M Shell 1/2 cm layer of shells lying parallel to the seafloor 






-0.6 60 3 SiSa Gr-Br-Bl 0.08-0.5 W SA M Shell 
 
-0.7 70 3 
SiSa                
Gr 
Gr-Br-Bl 0.08-10 VP SA H Shell Sharp contact- Grey brown sandy mud below 
-0.8 80 1 SaM Gr-Br 0.004-0.25 W SR L   
Sharp contact- White quartz and carbonate sand with 
white shells  
-0.9 90 5 Sa W-T 0.125-0.25 W SA M Shell 
 
-1 100 3 SiSa W-T 0.02-0.5 W SA M Shell 
 
-1.1 110 3 SiSa W-T 0.02-2 M SA M Shell 
 
-1.2 120 6 MSa Br-W-T 0.004-6 P SA H Shell Layer of shell hash 
-1.3 130 6 SiSa Gr-W 0.02-4 P SA H Shell 
 
-1.4 140 6 SiSa Gr-W 0.02-2 P SA M Shell 
 
-1.5 150 6 MSa Gr-W 0.004-1 P SA L Shell   
-1.56 156 6 MSa Gr-Br-W 0.004-4 P SA L Shell 
 
-1.66 166 0.75 SaM Gr-Br-W 0.004-2 M SA L Shell Sharp contact- Lime mud below 






-1.86 186 0.75 SaM Gr 0.004-0.25 W SA L   
 
-1.96 196 0.75 SaM Gr 0.004-0.125 W SA L   
 
-2.06 206 0.75 SaM Gr-Bl 0.004-2 P SA M   Sharp contact- Lime mud below 
-2.16 216 0.75 SaM Gr 0.004-0.125 P SA L   
 
-2.26 226 0.75 SaM Gr 0.004-4 P SA L   
 
-2.36 236 0.75 MSa Gr-Bl 0.004-10 P SA M   Sharp contact- Lime mud below 
-2.46 246 0.75 SaM Gr 0.004-1 P SA L   
 









































































































0 0 7 Sa W-Bl-Gr 0.125-1 M SR H Shell   
-0.1 10 7 Sa W-Bl-T 0.125-2 P SR H Shell   
-0.2 20 7 Sa Br-Gr-Bl 0.125-4 P SR H Shell   
-0.3 30 7 Sa Br-Gr-Bl 0.125-6 P SA H Shell   
-0.4 40 7 Sa Br-Gr-Bl 0.125-10 VP SR VH Shell 
Sharp contact- Well sorted sand below 
 Layer of shell hash 






-0.6 60 7 Sa Gr-Bl 0.125-1 W SR H Shell   
-0.7 70 7 Sa Gr-Bl 0.125-1 W SR H Shell   
-0.8 80 7 Sa Gr-Bl 0.125-2 W SR H Shell   
-0.9 90 7 Sa Gr-Bl 0.125-1 W SR H Shell   
-1 100 5 Sa Gr-Bl 0.125-0.5 W SR H Shell   
-1.1 110 7 Sa W-Bl-T 0.125-5 P SR H Shell Pocket of shell hash - 111-116 cm 
-1.2 120 7 Sa W-Bl-Gr 0.125-8 P SR H Shell   
-1.3 130 7 Sa Gr-Bl 0.125-1 W SR H Shell Layer of shell hash - 135-137 cm 
-1.4 140 7 Sa Gr-Bl 0.125-1 W SR H Shell   
-1.5 150 7 Sa W-Bl-Gr 0.125-8 VP SR VH Shell Layer of shell hash - 149-154 cm 
-1.55 155 5 Sa W-Bl 0.125-0.25 W SR H Shell   
-1.65 165 7 Sa W-Bl-T 0.125-1 M SR H Shell Sharp contact- Shell hash below 






-1.85 185 7 Sa W-Bl 0.125-2 M SR H Shell Layer of Shell hash 
-1.95 195 5 Sa W-Bl 0.125-0.25 W SR H Shell   
-2.05 205 5 Sa W-Bl 0.125-0.25 W SR H Shell   
-2.15 215 5 Sa W-Bl 0.125-0.25 W SR H Shell   









































































































0 0 5 Sa W-Bl 0.125-0.5 W SR H Shell   
-0.1 10 5 Sa W-Bl 0.125-0.5 W SR H Shell   
-0.2 20 5 Sa W-Bl 0.125-5 W SR H Shell Sharp contact - shell hash below 
-0.3 30 7 Sa Bl-W 0.125-8 P SR H Shell Sharp contact - limestone below 









































































































































































































































































































































ORIGINAL CORE DESCRIPTIONS 
 












































































































































































































7 2.2/4 Clean Sand 91 3.02 3.69 64.54 90.76 40.00 2.27 38.02 
12 12.2/2 Clean Sand 63 3.57 3.77 79.74 68.14 38.00 1.79 52.35 
11 5.2/3 Lime Mud 100 2.87 3.76 63.53 86.79 36.00 2.41 43.34 
9 2.4/4 Mud 99 2.84 3.69 60.60 45.26 20.00 2.26 67.00 
2 1.1/4 Muddy Shell 19 3.14 3.73 68.55 94.77 35.00 2.71 48.94 
5 2.1/4 Muddy Shell 14 3.42 3.69 73.04 103.62 39.50 2.62 45.92 







1 1.1/4 Sandy Shell 60 2.61 3.73 57.04 81.58 33.00 2.47 42.15 
6 2.1/4 Sandy Shell 124 3.52 3.69 75.20 116.93 50.00 2.34 33.51 
10 2.4/4 Silty Mud 33 3.30 3.69 70.44 56.53 26.00 2.17 63.09 
4 1.4/4 Silty Sand 52 3.25 3.73 71.04 61.24 38.00 1.61 46.51 
8 2.3/4 Silty Sand 149 2.25 3.69 48.01 51.57 24.00 2.15 50.01 
 180 
 
Table E.2: Porosity summary 
 
Lithofacies Porosity (%) Mean Porosity (%) 
Sandy Shell 42.15 
37.83 
Sandy Shell 33.51 
Clean Sand 38.02 
45.18 
Clean Sand 52.35 
Silty Sand 46.51 
48.26 
Silty Sand 50.01 
Muddy Shell 48.94 
47.43 
Muddy Shell 45.92 
Silty Mud 63.09 
68.69 
Muddy Silt 74.30 
Mud 67.00 67.00 










Table F.1: Original mud permeability tests 
Test number a (cm
2
) L (cm) A (cm
2
) h0 (cm) h1 (cm) t (s) K - Hydraulic Conductivity (cm/s) k (m
2
) 
1 19.32 12.3 47.78 50 48.2 2408 1.74E-04 1.01E-13 
2 19.32 12.3 47.78 50 48.2 2381 1.76E-04 1.02E-13 









Table F.2: Original silty mud permeability tests 
Test number a (cm
2
) L (cm) A (cm
2





1 19.32 12.3 47.78 50 48.2 1965.09 2.13E-04 1.24E-13 
2 19.32 12.3 47.78 50 48.2 2100.89 2.00E-04 1.16E-13 









Table F.3: Original silty sand permeability tests 
Test number a (cm
2
) L (cm) A (cm
2
) h0 (cm) h1 (cm) t (s) K - Hydraulic Conductivity (cm/s) k (m
2
) 
1 19.32 13.1 47.78 50 48.2 3.13 6.20E-02 3.60E-11 
2 19.32 13.1 47.78 50 48.2 2.32 8.37E-02 4.86E-11 
3 19.32 13.1 47.78 50 48.2 2.66 7.30E-02 4.23E-11 
4 19.32 13.1 47.78 50 48.2 2.43 7.99E-02 4.64E-11 
5 19.32 13.1 47.78 50 48.2 2.65 7.33E-02 4.25E-11 
6 19.32 13.1 47.78 50 48.2 2.7 7.19E-02 4.17E-11 
7 19.32 13.1 47.78 50 48.2 2.84 6.84E-02 3.97E-11 
8 19.32 13.1 47.78 50 48.2 2.67 7.27E-02 4.22E-11 
9 19.32 13.1 47.78 50 48.2 3.08 6.31E-02 3.66E-11 
10 19.32 13.1 47.78 50 48.2 2.69 7.22E-02 4.19E-11 








Table F.4: Original sand permeability tests 
Test number a (cm
2
) L (cm) A (cm
2
) h0 (cm) h1 (cm) t (s) K - Hydraulic Conductivity (cm/s) k (m
2
) 
1 19.32 12 47.78 50 48.2 7.92 2.25E-02 1.30E-11 
2 19.32 12 47.78 50 48.2 6.2 2.87E-02 1.66E-11 
3 19.32 12 47.78 50 48.2 6.29 2.83E-02 1.64E-11 
4 19.32 12 47.78 50 48.2 6.71 2.65E-02 1.54E-11 
5 19.32 12 47.78 50 48.2 5.67 3.14E-02 1.82E-11 
6 19.32 12 47.78 50 48.2 5.56 3.20E-02 1.86E-11 
7 19.32 12 47.78 50 48.2 6.58 2.70E-02 1.57E-11 
8 19.32 12 47.78 50 48.2 7.01 2.54E-02 1.47E-11 
9 19.32 12 47.78 50 48.2 6.92 2.57E-02 1.49E-11 
10 19.32 12 47.78 50 48.2 6.47 2.75E-02 1.59E-11 







Table F.5: Original sandy shell hash permeability tests 
Test number a (cm
2
) L (cm) A (cm
2
) h0 (cm) h1 (cm) t (s) K - Hydraulic Conductivity (cm/s) k (m
2
) 
1 19.32 13.1 47.78 50 48.2 3.13 6.20E-02 3.60E-11 
2 19.32 13.1 47.78 50 48.2 2.32 8.37E-02 4.86E-11 
3 19.32 13.1 47.78 50 48.2 2.66 7.30E-02 4.23E-11 
4 19.32 13.1 47.78 50 48.2 2.43 7.99E-02 4.64E-11 
5 19.32 13.1 47.78 50 48.2 2.65 7.33E-02 4.25E-11 
6 19.32 13.1 47.78 50 48.2 2.7 7.19E-02 4.17E-11 
7 19.32 13.1 47.78 50 48.2 2.84 6.84E-02 3.97E-11 
8 19.32 13.1 47.78 50 48.2 2.67 7.27E-02 4.22E-11 
9 19.32 13.1 47.78 50 48.2 3.08 6.31E-02 3.66E-11 
10 19.32 13.1 47.78 50 48.2 2.69 7.22E-02 4.19E-11 







Table F.6: Original muddy shell hash permeability tests 
Test number a (cm
2
) L (cm) A (cm
2
) h0 (cm) h1 (cm) t (s) K - Hydraulic Conductivity (cm/s) k (m
2
) 
1 19.32 13.1 47.78 50 48.2 5.7 3.41E-02 1.98E-11 
2 19.32 13.1 47.78 50 48.2 5.6 3.47E-02 2.01E-11 
3 19.32 13.1 47.78 50 48.2 5.3 3.66E-02 2.13E-11 
4 19.32 13.1 47.78 50 48.2 5.1 3.81E-02 2.21E-11 
5 19.32 13.1 47.78 50 48.2 5.8 3.35E-02 1.94E-11 
6 19.32 13.1 47.78 50 48.2 5.3 3.66E-02 2.13E-11 
7 19.32 13.1 47.78 50 48.2 5.1 3.81E-02 2.21E-11 
8 19.32 13.1 47.78 50 48.2 4.9 3.97E-02 2.30E-11 
9 19.32 13.1 47.78 50 48.2 6.1 3.18E-02 1.85E-11 
10 19.32 13.1 47.78 50 48.2 5.2 3.73E-02 2.17E-11 








Table F.7: Original carbonate mud permeability tests 
Test number a (cm
2
) L (cm) A (cm
2
) h0 (cm) h1 (cm) t (s) K - Hydraulic Conductivity (cm/s) k (m
2
) 
1 19.32 12.2 47.78 50 48.2 6.68 2.71E-02 1.57E-11 
2 19.32 12.2 47.78 50 48.2 6.91 2.62E-02 1.52E-11 
3 19.32 12.2 47.78 50 48.2 7.29 2.48E-02 1.44E-11 
4 19.32 12.2 47.78 50 48.2 7.42 2.44E-02 1.41E-11 
5 19.32 12.2 47.78 50 48.2 6.85 2.64E-02 1.53E-11 
6 19.32 12.2 47.78 50 48.2 6.81 2.66E-02 1.54E-11 
7 19.32 12.2 47.78 50 48.2 6.82 2.65E-02 1.54E-11 
8 19.32 12.2 47.78 50 48.2 6.01 3.01E-02 1.75E-11 
9 19.32 12.2 47.78 50 48.2 6.21 2.91E-02 1.69E-11 
10 19.32 12.2 47.78 50 48.2 6.31 2.87E-02 1.66E-11 








Sandy Shell Hash 4.18E-11 ± 3.84E-12 
Sand 1.59E-11 ± 1.64E-12 
Silty Sand 4.18E-11 ± 1.18E-12 
Muddy Shell Hash 2.10E-11 ± 2.23E-12 
Silty Mud 1.20E-13 ± 2.13E-15 
Mud 1.02E-13 ± 2.13E-15 



























































































































1 1 1-698 3.144 >435 W 32.73 -79.81 3500 69.2 1.8 1 0.572 
2 1 14927-15811 >7 522 W 32.76 -79.74 3630 31.5 >4.2 1 
 
3 1 15892-16975 >7 762 W 32.77 -79.73 3520 78.57143 >3.8 1 
 
4 2 5290-6688 6 392.466 E 32.76 -79.70 5450 44.54545 5 2 0.833 







6 2 9658-9667 2.8 194.662 E 32.77 -79.68 7120 79.12088 2.7 2 0.964 
7 3 7471-7000 >4.4 260 E 32.73 -79.66 10690 24.28571 >4.1 2 
 
8 3 7929-7520 4 183.732 E 32.75 -79.67 8230 60.20408 3.3 2 0.825 
9 3 7929-8396 3.3 192.704 E 32.75 -79.66 8190 25.80645 2.5 2 0.758 
10 3 23164-26463 7.6 1098 E 32.72 -79.74 8590 4.166667 2.7 1 0.355 
11 3 31437-29916 >7 437.816 E 32.71 -79.76 8590 58.84244 >5.4 1 
 
12 3 2895-3533 2.1 282 W 32.76 -79.65 10100 63.59 2.1 2 1 
13 4 10730-10250 4 178.4 W 32.72 -79.69 10350 36.66667 4 2 1 
14 4 9712-9290 3.6 163.4 E 32.72 -79.69 10300 50.44248 3.4 2 0.944 
15 4 7605-7949 3.1 217.6 E 32.72 -79.68 10230 45.71429 2.8 2 0.903 
16 4 2381-1980 4 171.4 
 
32.73 -79.66 10570 0 3.9 2 0.975 
17 4 1180-558 3.7 200.4 E 32.74 -79.65 11960 20.97902 3.6 2 0.973 
18 KL2 18300-15828 4.7 197 E 32.80 -79.69 4490 9.328358 4.6 2 0.979 







20 KL3 8707-6328 3.9 645.3 E 32.79 -79.71 2480 61.31579 2.9 1 0.744 
21 KL3 4489-5644 2.6 561.5 E 32.79 -79.73 1460 86.31579 1.3 1 0.5 
22 KL3 3211-3700 3.9 300.6 W 32.79 -79.74 1350 8.284024 3.9 2 1 
23 KL4 31867-33024 4.4 308 W 32.78 -79.63 9820 31.81818 4 2 0.909 
24 KL4 18480-20194 5.1 446 W 32.78 -79.73 2500 59.37 1.4 1 0.27 
25 KL5 5073-3940 6 425 W 32.77 -79.73 6750 74.85 3.7 1 0.569 
26 KL6 25700-28418 6.5 460.5 W 32.74 -79.73 6750 74.8503 3.7 1 0.569 
27 KL6 28930-29540 6.1 347.6 W 32.77 -79.74 3530 49.01 2.6 2 0.573 




























































































































































































































































Figure G.28: Paleochannel number 28 
